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Abstract 

The linearized Davey-Stewartson equation with varing coefficients is solved 
by Fourier method. The approach uses the inverse scattering transform for the 
Davey-Stewartson equation. 

1 Introduction 

The Davey-Stewartson equation (DS) is the well-known subject for investigations 
because of two causes. First, the equation models a nonlinear interaction between a 
long surface wave and a short surface wave ]lj . Second, DS is integrable by an inverse 
scattering transform (1ST) 0] and then one can investigate a solution structure in 
details. 

In this work we consider a linear system of equations with varing coefficients, 
which come out when one linearizes the DS at a nonzero solution as a background. 
We develope the Fourier method for the above linear system. This method is based 
on 1ST results for DS || [| Q]. The basic functions, which are used for the Fourier 
expansion, are assosiated with a scattering problem for a Dirac system. 

A realized approach one can see as generalizing on (2+l)-dimensions (two spatial 
variables and time) system of pioneer works of D.Kaup [§, |f|, in which the Fourier 
method was formulated for linearized (l+l)-dimensional integrable equations. The 
obtained results make possible to study perturbations of the DS, in general putting 
out the equation from the class of integrable equations. 

2 The Dirac equation and the basic functions 

Here we consider a Goursat problem for the Dirac equation H-H: 



(1) 
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Define a solutions of (pi) as follows 



$ule-— «> = exp(ikn), Vill-- oo = 0, 

^2il»?->oo = 0, VmU-^-oo = cxp(-ifc£); 

^nlc^-oo = exp(ifcn), ^f 2 |^ +00 = 0, 

^lk— » — = 0, ^^U— > — °° = ex p( — ifc£). 



Denote by (x, a bilinear form: 

/OO />00 
/ <%,dri{xiHi<l2 + X2M2?i)) (2) 
- oo J —oo 

where Xi and /ii are elements of the columns x and M< 

Denote by <fp) and cj>^ the solutions which are dual to -0(1) (first column of the 
matrix ip + ) and -0(2) (second column of the matrix with respect to the bilinear 
form (0). 

It is known, that the solution of ([!]) satisfies a nonlocal Riemann-Hilbert problem 
[B|. Formulate this problem for and tpf 2 - Denote by ip^- 1 ' a row {0^,-0^}, then 
|: 

^(i) = E^(ikri) + S[s]V> (1) . 

Here E'^^z) is the first row of a matrix £ , (z) = dia</(exp(z), exp(— z)), the operator 
S'fs] is defined by formula: 

S[s]ip^ = [exp(ikr])^exp(—ikrj) J dlsi(k,l)ip^ 2 ((,,'q,l)^ , 

/ roo \ 

exp(ifc£)( exp(— ifc£) / dls\{k 1 l)^^^, rj, I) 



where 



1 f°° dk'f(k') 



2iir J^^ k' -(k± i0) 
Denote by < %,// > s a bilinear form: 



oo poo 



<X,M>s=/ / dkdl( x 1 {l)y 1 {k)s 2 {k,l) + X 2 (l)» 2 (k)si(k,l)), (3) 



— oo «/ — oo 



where x J is the element of the row 

Let </5 ( --'- ) , j = 1,2 be rows which are solution of the equations conjugated to the 
equation for the rows 0( J ) = {tpjx, w ith respect to the bilinear form (^). 

Theorem 1 Lef gi and 52 satisfy following conditions: d a q\^ S L\ f~l C ai |a| < 3. 
Ifhi(£, rj) and /12(C) ??) satisfy the conditions d a h\_i e LiflC a£ |a| < 4, i/ien /ii and 
/12 mat/ oe represented in the form: 



hi = f < ^ (1) (e,^,o^ (1) ^^fc) >a, 

/ l 2 = i<^ 2) (C,7 7 ,0^ (2) (C^,fc)>^ 



(4) 
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where 

hi = ^r(^)(C,»7,*),0(l)(C ) »7,O)/n , g v 

h 2 = ^(^)(C,»7.&)i0(2)(£,»7,O)/>- 

Of course, if q\ = q 2 = 0, then the formulae @ and are ordinary Fourier 
transform with respect to two variables £, ?y £ M. 

3 The Fourier method for the linearized Davey- Ste- 
wart son I equation. 

We shall consider the Davey-Stewartson I equation: 

id t Q + (df + d 2 )Q + ( 9l + g 2 )Q = 0, 
%9i = -§^|Q| 2 , a, 52 = -|9 5 |Q| 2 , £ = ±1. W 

Linearization of this equation on Q, g as a background gives: 

zd t c/ + (df + a 2 )t/ + ( 5l + <? 2 )t/ + (Vi + v 2 )q = o, 

9^i = -§a, 7 (QZ7 + Q?7), 9„F 2 = -§9 € (Q£/ + Q£/). lj 

The equation (||) is a compatible condition for (Q) at q± = Q, q 2 = eQ and for a 
following system 0: 

W = i( J _°! ) - fy)V + i( ° * ) - ^+ 

^ (8) 



( 



igi -id v qi 
id s q 2 -ig 2 

Using the systems (0) and (@) one can prove the following statement: 

Theorem 2 Let U be the solution of (f^) and Q be the solution of the Davey-Stevartson 
I equation with boundary conditions: .9i|^oo = and g 2 \<q— >oo = 0; ond U and Q 
satisfy the conditions of the theorem 1 for the functions h\ and q\ at \/t £ [0, T] 
respectively, then: 

dtt/i = i(k 2 + l 2 )U l7 d t U 2 = -i{k 2 + l 2 )U 2 , (9) 

where U x = ^r(^), <P(i))u, U2 = g^J), <P(2))u- 

Inverse statement. Let U\(t, k, I) and U 2 {t, k, I) be integrable with respect to k, I 
with factor (1 + fc 2 )(l + I 2 ) and satisfy equations (fy, then the function 

U(t,v,t) = — < yj {1) ^,vJ)^ {1) (^V,k) >o 
satisfies linearized Davey-Stewartson I equation (Qj 

Solving of the system (Q) is reduced to solving of the trivial equations @ for the 
Fourier coefficients Ui$. The theorems 1 and 2 give solving (fy by Fourier method. 
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